Objective. To analyze long-term clinical and radiological outcomes of surgically treated Scheuermann patients. Summary of Background Data. Long-term clinical and radiological outcomes of surgery for Scheuermann kyphosis are unknown. A single-center cohort of 33 consecutive, surgically treated (between 1991 and 1998) Scheuermann patients was studied. Methods. Clinical and radiological data of 29 surgically treated Scheuermann patients were collected (posterior approach n ¼ 13; combined anterior-posterior procedure n ¼ 16), after a mean followup of 18 years. Oswestry Disability Index (ODI) scores were measured preoperatively (PRE) and twice postoperatively: 2 to 8 years postoperative (FU 1) and 14 to 21 years postoperative (FU 2). Visual Analog Score pain, Short Form-36 (SF-36), and EQ-5d scores were recorded at FU 2 only. Radiographs were analyzed for correction, distal and proximal junctional kyphosis, and implant failures. Results. Mean preoperative kyphosis of the corrected levels was 768 (range 608-1058) and decreased to a Cobb of 588(range 308-1058) at FU 2. Median Visual Analog Score was 2.5 points (range 0-8) and median ODI score was 12 (range 0-62) at FU 2. The ODI score at FU 1 was significantly better as compared to PRE (P < 0.001) and FU 2 (P < 0.001). Also, anterior-posterior treated group had a significantly better ODI score as compared to the posterior-only group (P ¼ 0.023). EQ-5d scores on mobility, usual activities, and pain/discomfort were worse compared to an age-matched population control group; however, SF-36 outcome scores were comparable. Proximal junctional kyphosis was present in 53% of patients, distal junctional kyphosis did not occur, and implant failure/ removal had occurred in 69% of patients. Radiological complications do not relate with the ODI, EQ-5d, and SF-36 and 72% of the patients were satisfied. Conclusion. Radiological results of this cohort were disappointing but did not relate to clinical outcome scores. Even lumbar pain could not prevent a high patient satisfaction and quality of life. Patients treated with a combined anteriorposterior approach tended to perform better.
S cheuermann kyphosis is characterized by a rigid mostly thoracic hyperkyphosis which develops during adolescence due to growth plate changes, resulting in three or more wedge-shaped vertebrae and enchondrosis of the end plates. There is a strong hereditability of 74%, 1, 2 and in Northern Europe it is a relatively common finding with a prevalence of 2.1% in females and 3.6% in males. 1 When the kyphosis progresses, the first line of treatment is usually nonoperative. In selected cases, with curve progression over 708, intractable pain or for unacceptable cosmetic deformity, it has been suggested that surgical correction can be considered. 3, 4 To adequately inform patients of the risks and benefits of surgical treatment, more data are needed on the long-term functional (quality-of-life) outcome of surgery. Furthermore, as sagittal alignment of the spine changes with progressive age, it is of great interest how this impacts the long-term clinical and radiological outcome (>15 yr) of the fused thoracic spine.
Murray et al 5 reported that untreated Scheuermann patients (mean kyphosis angle 718) had more intense back pain after an average follow-up of 32 years than a matched control group. However, no interference with work or activities of daily living and number of days absent from work was observed. 5 A recently published study confirmed that untreated Scheuermann patients (mild mean kyphosis angle of 458; follow-up 37 years) had a significantly higher risk of back pain, but in contrast to Murray et al 5 , they also experienced more disabilities during activities of daily living compared to controls. 6 It is unknown whether surgical correction of hyperkyphosis can improve on this natural history. Several authors have commented on short-term surgical complications and outcomes but strong levels of evidence and long-term follow-up are lacking. In an earlier report, we demonstrated relatively high short-term patient satisfaction combined with significant improvement in Oswestry Disability Index (ODI) scores after thoracic hyperkyphosis correction. 7 At that time, no differences between patients operated through a posterior-only approach (P group) and patients operated by a combined anterior and posterior approach (A/P group) were observed. 7 The aim of this study was to determine the long-term clinical, functional, and radiological results to analyze whether these results changed over time. Surgical technique (posterior-only vs. anterior-posterior approach), degree of correction, and occurrence of radiological complications such as implant failure, distal and proximal junctional kyphosis (DJK and PJK) were evaluated. For this purpose, we hypothesize that there is a positive relation between radiological and functional outcome parameters.
MATERIALS AND METHODS
For this study, we re-evaluated 33 consecutive patients for their long-term follow-up. All patients were operated at a single institution by one surgeon between 1991 and 1998 for Scheuermann hyperkyphosis. As described before, all patients underwent a posterior instrumented fusion with a lowimplant-density second-generation stainless steel hybrid screw-hook implant and iliac crest bone graft. In 16 cases, anterior procedures were performed 2 weeks prior to the posterior procedure, which consisted of open left-sided thoracotomy, with discectomy over four to six discs, and interbody fusion with morselized rib graft. 7 The short-term radiological and clinical results of this cohort have been reported before in 2002. 7 The study was performed in accordance with the ethical standards in the Declaration of Helsinki and approved by the hospitals' investigational review board. Written informed consent was obtained from all participants. Patients were seen in the outpatient clinic for clinical examination by an independent investigator not in any way involved in the original treatment (H.G.) and a lateral full spine standing radiograph with femoral heads visible was taken.
Questionnaires
Clinical and functional outcome and quality of life were investigated with the following questionnaires: Oswestry Disability Index (ODI v1.0), 8 Furthermore, to allow for comparison with a previously published study on long-term untreated patients from Finland, questions concerning back pain and disability during activities of daily living were included. 6 Finally, general questions regarding patient satisfaction were asked.
Radiological Outcome
Radiological examination was performed by two independent reviewers (H.G., R.H.). Preoperative x-rays and three postoperative x-rays (FU 0: 0-1 year postoperative; FU 1; FU 2) were used. For two patients (ID 15 and 20) the preoperative xrays were unavailable for this study and they were therefore partially excluded from the radiological analysis. The Cobb angle of the kyphotic curve (end vertebra to end vertebra) and the Cobb angle of the instrumented levels were measured preoperatively and at FU 0, 1, and 2. The presence of PJK and DJK was evaluated. PJK was determined by the angle between the cranial end plate of the upper instrumented vertebra and the cranial end plate of two vertebrae above. 12 DJK was measured by the angle of the caudal end plate of the lower instrumented vertebra and the caudal end plate of one vertebra below. 12 PJK and DJK were defined as a kyphosis exceeding 108 and an increase of the kyphosis of at least 108 compared to the preoperative value. The status of the spinal instrumentation was evaluated and reported in three categories: (1) instrumentation intact and in situ, (2) failure of instrumentation which was still in situ (e.g., rod breakage or screw/hook pull out), and (3) complete removal of instrumentation.
Statistical Analysis
ODI scores (preoperative, FU 1, and FU 2) were analyzed using a repeated measures analysis of variance with surgery technique as between subjects factor. The presence of PJK/DJK and status of spinal instrumentation in combination with the point of time in which problems were firstly observed was reported with descriptives. Since no preoperative values were available for the EQ-5d and SF-36, these scores were compared to reference values of the normal healthy population. 9, 10 The effect of PJK, instrumentation failure, and Cobb angle differences for surgical technique on ODI, EQ-5d, and SF-36 scores were tested by the Wilcoxon rank sum test. For all analyses the statistical package of STATA 10.1 (StataCorp, Texas, TX) was used, in which P < 0.05 was considered statistically significant.
RESULTS
Of the original 33 patients, 29 (88%) were available for the present follow-up. Four patients were not traceable. The mean follow-up was 18 years (SD [standard deviation] 2; range 14-21 years) and the average age at follow-up was 44 years (SD 8; range 34-63). Of the 29 available patients, 13 were operated via a posterior-only approach and 16 via a combined approach ( Table 2) . A typical example of pre-and postoperative situation is shown in Figure 1A , B. Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
Clinical Outcome
The median VAS back pain was 2.5 points (range 0-8) at the present follow-up. Nineteen patients (68%) reported back pain during the last month, while 12 patients (43%) reported neck pain, six patients (21%) reported constant back pain, and 15 patients (54%) reported disability because of their back pain in the last 5 years (Table 3) . Difficulties in daily living were less frequently reported. The median ODI score of the total group at the present follow-up was 12 (range 0-62). The median preoperative ODI score was 14 (range 0-72), improving to a median of 2 (range 0-52) at FU 1 ( Figure 2 ). Repeated measures analysis of variance showed no interaction between ''time'' and ''surgical technique'' (P ¼ 0.80). A significant main effect of time was found (F 2,54 ¼ 8.89; P ¼ 0.000), in which post hoc analysis showed significant improvement between preoperative and FU 1 (P < 0.001), significant deterioration between FU 1 and FU 2 (P < 0.001), and no difference between preoperative and FU 2 (P ¼ 0.772). Furthermore, a significant main effect of surgical technique was found (F 1,27 ¼ 5.78; P ¼ 0.023), in which the combined approach showed better scores ( Figure 1 ). Seventeen out of 29 patients (58%) had a ''normal'' ODI (ODI 22) at FU 2, with a significant difference between the number of patients between both surgical techniques (13 out of 16 patients of the combined approach versus four out of 13 patients for the posterior approach; P ¼ 0.006).
The average ODI for the preoperative group was 21 (SD 21), at FU 1 the average ODI was 7 (SD 12) and at FU 2 the average ODI was 19 (SD 18). The minimally clinically important difference for the ODI is 10 according to Ostelo et al. 13 The difference of average ODI scores between preoperative and FU 1 is 14. The difference of average ODI scores between FU 1 and FU 2 is 12. One might regard the difference of average ODI scores of preoperative versus FU 1 and FU 1 versus FU 2 as a clinical important difference.
Scores in the EQ-5d scales on mobility, usual activities, and pain/discomfort were lower compared to an agematched population control group (Table 1) . The scores on EQ VAS were significantly higher (better) in the A/P group compared to the P group (mean 79 vs. 62; P ¼ 0.035). Similarly the EQ TTO (utility score) as a measure of quality of life was better for the A/P group than the P group (mean 79 vs. 58; P ¼ 0.042). SF-36 outcome scores were quite similar between the Scheuermann cohort and the national reference population, 9 except for the subdomain ''bodily pain'' ( Table 4 ). The P group reported significantly lower (worse) scores compared to the A/P group for bodily pain (P ¼ 0.03) and social functioning (P ¼ 0.03).
Twenty-one of 29 patients (72%) were satisfied with the outcome and 21 (72%) would undergo the same procedure surgery, while 23 (79%) patients would recommend the surgery to others and 18 (62%) patients reported that the surgery met their expectations.
Radiological Outcome
The radiographic parameters and complications are outlined in Table 5 . The mean preoperative Cobb angle (end-toend vertebra) was 828 (range 678-1058) and was corrected to 698 (range 308-1138) at FU 2. The preoperative mean kyphosis of the instrumented levels was 768 (range 608-1058) and decreased to 588(range 308-1058) at FU 2 (Table  5 ). Kyphosis angles of instrumented levels between the two surgical techniques were not significantly different (A/P group 858 vs. P group 798). On average, the A/P group was corrected with 27% and the P group with 17%, which was also not significantly different.
The incidence of PJK increased over time: nine patients (31%) within year 1, 12 patients (43%) at FU 1, and 15 patients (53%) at present follow-up. Nine patients were from the anterior-posterior group and six from the posterior group (P ¼ 0.46). In eight patients, the proximal end vertebra was included in the instrumentation and PJK developed in four (one unknown; Table 5 ). In 19 patients, the end vertebra was not included in the instrumentation; PJK developed in 11 patients. DJK as defined by Denis et al 12 was not observed in any patient. No patients underwent revision surgery for PJK. At the present follow-up (FU 2), 20 patients (69%) had a complication with their implants: the instrumentation was removed in seven patients (all had a solid bone fusion on exploration) and in 13 patients broken rods or displaced screw/hooks were seen, which were still in situ (Table 2 ).
This occurred in 9 out of 13 patients in the A/P group and 11 out of 13 patients in the P group, which was not significantly different. Instrumentation complications were diagnosed at all time points. No difference was seen in number of patients with instrumentation complications between both surgical 1  T5-L1  T5-L1  102  102  28  28  30  No  Yes   2  T3-T12  T4-L1  77  74  46  48  49  No  Yes   3  T3-T12  T5-L2  76  63  43  49  43  No  No   4  T6-L1  T6-L2  78  76  31  30  35  No  Yes   5  T4-L2  T6-L2  92  87  49  51  52  No  No   6  T3-T12  T5-L1  76  70  38  40  48  Yes  Yes   7  T3-T12  T5-L1  78  69  56  53  u  u  Yes   8  T3-T12  T5-L1  93  81  64  92  94  Yes  Yes   9  T2-T12  T5-L1  89  74  54  56  55  No  Yes   10  T3-T12  T3-L1  82  u  58  u  u  u  No   11  T3-T12  T4-T12  81  76  67  79  84  Yes  No   12  T2-T11  T5-L1  80  61  43  u  52  Yes  Yes   13  T3-T12  T5-L1  74  71  44  59  56  Yes  Yes   14  T4-T11  T4-T12  78  75  54  54  52  No  No   1 5  u  T 5 -T 1 2  u  u  u  u  u  u  u   16  T3-T12  T5-L2  74  60  42  44  44  No  No   17  T2-L1  T3-T12  80  70  38  67  63  Yes  No   18  T10-L3  T8-L3  68  66  33  35  38  No  No   19  T3-T12  T4-L1  84  79  48  52  51  No  Yes   20  u  T4-L1  u  u  38  56  52  Yes  No   21  T3-T11  T4-T12  79  70  63  60  u  u  Yes   22  T3-L1  T4-L1  82  79  51  44  50  No  No   24  T3-T11  T4-T12  67  58  54  62  68  Yes  No   26  T3-T12  T4-L1  82  77  59  58  60  No  Yes   27  T2-T10  T2-T11  96  94  66  76  92  Yes  u   28  T5-L1  T5-L1  105  105  71  105  105  Yes  Yes   30  T3-T12  T4-T12  90  88  63  62  61  No  Yes   32  T3-L1  T4-L1  85  82  53  56  52  No  No   33  T3-L1  T3-L1  78  78  60  67  65  No  Yes   mean  82  76  51  57  58 Cobb angles in degrees. u: unknown, marked in gray anterior-posterior operated patients.
The Cobb angles at follow-up (FU 0 ¼ 0-1 yr, FU 1 ¼ 2-8 yr, FU 2 ¼ 14-21 yr) were measured from the instrumented vertebra. PJK, proximal junctional kyphosis. 37 (21) 10 (24) 26 (16) 61 (24) 39 (22) 55 (28) 36 (44) 62 (23) SF-36 subscales: PF, physical function; RP, role physical; BP, bodily pain; GH, general health; VT, vitality; SF, social function; RE, role emotional; MH, mental health.
SF-36 indicates Short Form-36.
techniques (P ¼ 0.63). In all patients (ID 8, 10, 11, 13, 24, 27, 28) in whom the instrumentation was removed, the Cobb angle increased by 58 or more after removal (Table 5) .
Clinical Outcome Versus Radiological Complications
No differences in ODI scores were found when tested for PJK versus no PJK and implant failure versus no failure, as seven out of 13 patients without PJK had a ''normal'' ODI and nine out of 15 patients with PJK had a normal ODI (P ¼ 0.74). No differences in outcome for EQ-5d and SF-36 scores were observed between groups with or without PJK or with or without instrumentation failure (data not shown).
No relationships could be found between any clinical outcome measure, and any of the radiological parameters such as Cobb angle, PJK, implant failure.
DISCUSSION
One of the main questions for the treatment of Scheuermann patients is whether they functionally benefit in the long run from surgical correction. In this unique cohort of long-term follow-up of surgically treated Scheuermann patients, a high incidence of back pain was reported: 68% of the patients reported back pain in the last 30 days. When comparing our data to the long-term natural history cohort as published by Ristolainen et al, 6 this cohort of surgically treated patients with larger initial kyphosis Cobb angles (average 828 vs. 458) seems to perform better (Table 3) . However, the natural history group had a longer follow-up (37 years) and consequently the mean age of the patients was higher: 59 years (range 44-79) versus 44 years in our cohort [range 34-63]). The poorer outcome in the natural history cohort might therefore be (partially) explained by the higher age. However, younger age in this study does not seem to be the only explanation for a better outcome compared to the natural history, for when performing an age-matched comparison of SF-36 outcomes, the current surgical group has very similar results to the normal age-matched reference population, and reported better values in all subscales compared to a ''low back pain'' population. 15 This is in contrast to the nontreated Scheuermann patients who reported an increase in back pain and disabilities compared to controls. 6 Finally, the placebo effect of this rather rigorous surgical intervention must be considered here as well.
The functional outcome was relatively good with a median ODI score of 12, but this had deteriorated over time. At FU 1 (mean follow-up 4.5 years) ODI scores were significantly better compared to preoperative scores. However, at present follow-up these scores deteriorated significantly compared to FU 1 and were no longer significantly different from the preoperative values. The SF-36 scores were comparable to an age-matched reference population, except for the domain ''bodily pain'' (which is consistent with our other findings), and they were much better than those reported after lumbar spine surgery. 15 The Eq-5d did show significantly lower scores as compared to a normal age-matched cohort. We conclude that despite deterioration of the ODI and Eq-5d over time, and the high incidence of back pain in this cohort, this did not seem to impact quality of life, and most patients cope well in daily life.
A remarkable finding was that patients operated by a combined anterior-posterior approach had significantly better functional outcomes in the majority of scores and domains compared to posteriorly operated patients, while the radiological outcomes (curve magnitude, curve correction, implant failures, PJK) were not different. Other studies (with no data regarding quality of life) have also reported that anterior-posterior surgery does not result in superior radiological correction 4, 16 compared to posterior-only surgery. As yet, a cause has not been identified for the superior functional outcomes of the combined A/P approach, but as it is not related to radiological correction parameters we speculate that this may be related to the removal of painful intervertebral discs or the increased stiffness of the spine ( Figure 3A, B) .
In contrast to the quality-of-life outcome which showed that patients generally function well, radiological outcome was disappointing and deteriorated over time. The average preoperative Cobb angle of instrumented levels was 768 and corrected to 518 postoperative. Using hybrid second-generation stainless steel low implant density constructs with iliac crest bone graft, average loss of correction was 78. These curve magnitudes are comparable with other studies (preoperative Cobb angles 698-878 and loss of correction 38-68). 12, 14, 17, 19 Kyphosis was corrected to a mean of 518 postoperative, which seems to be less than other studies (458 and 478 postoperative). 12, 18 There is contrasting evidence concerning what should be the optimal degree of correction. It has been suggested that smaller degrees of correction and higher preoperative kyphosis levels predispose for postoperative PJK. 18 However, others have stated that larger degrees of correction (exceeding 50%) increase the chance of PJK. 12 There is to our knowledge no consensus if one should try to attempt to correct kyphosis to 408 to 508 or one should only thrive for a mild correction to 508 to 608. Importantly, sagittal alignment changes over time. It is known that thoracic kyphosis levels increase with age to a mean thoracic kyphosis of 418 (range 328-668) in 70-to 79-year-old men. 20 So despite the fact that the final correction was modest (24%) compared to preoperative, it is more compared to what the kyphosis would have been if the 18-year natural history had been observed. That is a fundamental difference with other reported studies with much shorter follow-up.
Not only is the factor time very important, there is no ''normal'' or ''gold standard'' degree of kyphosis to which the correction could be compared. 21 One might also argue if the Scheuermann spine should even be regarded as a ''normal'' spine. We suggest that a Scheuermann spine is not a normal spine and should not be corrected to high ''normal'' kyphosis levels of 408 to 458. In order to prevent problems in the long run we currently try to correct the kyphosis of these patients between 508 and 608 of kyphosis, and accept that progression will occur over time as in any other human spine.
Over time, an increasingly large proportion of patients (currently 69%) had failure and/or removal of the implants, which is higher than reported elsewhere (1%-13%). 14, 16, 18, 19, 22, 23 After midterm follow-up, 7 18% of the present cohort had failure and/or removal of the implants, which is in line with other studies. This again illustrates the value of very long follow-up, as the sagittal alignment of the spine apparently changes over many years, also in these patients with a solid instrumented posterior fusion, and those with an additional anterior fusion.
At present follow-up, PJK was present in 53% of the patients, and the incidence had clearly increased over time. It is higher than the reported incidence of 7% to 32% in studies with much shorter follow-up. 12, 18, 19, 24 Many authors advocate inclusion of the upper end vertebra in the fusion to avoid PJK. 18, 24 This is also our current practice. However, this is not supported by our current data. PJK developed equally between patients in whom the upper end vertebra was fused (four out of seven ¼ 57%; one unknown; Table 2 ) and those fused shorter than the upper end vertebra (11 out of 19 ¼ 58 %). In our series, the cantilever technique (starting with proximal fixation and working distally) followed by apical compression was used to correct the thoracic hyperkyphosis. Theoretically this might induce more stress at the proximal junctional levels than apical compression alone, and this might in turn induce junctional kyphosis. However, a recent report observed no difference in PJK incidence between these two different techniques and stressed the role of disruption of the posterior tension band for PJK. 12 Therefore, we believe the correction technique probably does not play a major role, but the integrity of the facets and ligaments is probably more important. In our retrospective study, we were unable to retrieve data on the intraoperative handling of the posterior tension band at the time of surgery, but bilateral proximal supralaminar hooks were used, which may have avoided damaging the proximal junctional facets, but may have compromised the ligamentous complex. However, only a minor percentage of these patients will need revision surgery, 12, 18 and in this series no patients underwent revision surgery for PJK. This is in line with other observations that in Scheuermann patients PJK did not significantly affect de SRS outcome scores. 25, 26 Surprisingly DJK was not observed, as defined by Denis et al, 12 despite the fact that in the majority of patients the instrumentation was performed to the lowest end vertebra and not to the first lordotic vertebra or the sagittal stable vertebra.
We speculate that the progression of kyphosis in and above the fusion is due to multiple factors such as natural progression of the kyphosis due to normal aging, due to the natural history of Scheuermann kyphosis, or due to rebalancing of the spine, where neuromuscular control aims to bring the head back to the preoperative position relative to the hips or feet. However, there may also be iatrogenic causes. The posterior tether of the spine has been compromised, due to the muscular damage (approach related), and damage to the proximal ligamentous and facet complex. Specifically in this cohort, supralaminar hooks were used at the proximal part of the construct, for which part of the ligamentum flavum was taken down. Care was taken to avoid damage to the upper facet joints and the interspinous ligament, but the fixation method may have contributed to PJK. Just how important this posterior tethering is, is illustrated by the fact that in all eight patients where the implants were removed the kyphosis in the fusion increased by at least 58, despite a solid fusion mass as determined intraoperatively. We believe that there is no single determining factor causing the progression of the kyphotic deformity in and above the fusion, and speculate that simply including the upper end vertebra in the fusion does not solve the problem, certainly not with long-term follow-up. Despite a Figure 3 . Lateral spine radiographs of a patient from the posterior-only group (A) and a patient from the combined anteroposterior treated group (B). Patients underwent a posterior instrumented fusion with a low-implant-density second-generation stainless steel hybrid screw-hook implant and iliac crest bone graft. In patients who underwent an additional anterior procedure (group B), this consisted of an open left-sided thoracotomy, with discectomy over 4 to six discs, and interbody fusion with (morselized) rib graft, resulting in interbody arthrodeses demonstrating anterior fusion in the latter group B).
higher than normal incidence of back pain, operated patients seem to perform better than conservatively treated Scheuermann patients. 6 Therefore, despite the high incidence of radiological PJK and instrumentation failure, in the larger curves the clinical benefit of surgery may still outweigh the risks compared to nonoperative management. Subjectively, a large majority of the patients were satisfied with treatment. Of course our aim is to prevent junctional kyphosis and instrumentation failure, assuming that this may in the future improve our clinical outcomes further, and our current practice is to fuse to the proximal end vertebra, to perform a gradual correction to about 508 to 608 kyphosis and to meticulously avoid damage to proximal junctional facet joints and interspinous ligaments. Future studies on this new population will show whether we can further increase postoperative quality-of-life scores in these patients and diminish adverse events such as PJK.
CONCLUSION
Patients who underwent operative treatment of Scheuermann kyphosis function well in daily adult life for many years after the surgery, despite a higher than normal incidence of back pain. They seem to have more favorable functional outcomes than those reported in the available studies on the natural history. Patients who underwent combined anterior-posterior surgery had better functional outcomes than those who underwent a posterior-only procedure, but radiological outcomes were similar. Over time the radiological results were disappointing, with progression of the kyphosis both in the fusion (loss of correction and implant failures) as above the fusion (PJK), but there was no relation to functional outcome.
Key Points
Surgically treated Scheuermann patients showed significant initial improvement in ODI scores which decreased to preoperative levels after long-term follow-up. Sixty-nine percent of patients had instrumentation failure and 53% PJK; however, these complications were not related to clinical outcome scores (ODI, SF-36, VAS, and EQ-5d). More than 70% of the patients were satisfied with the surgical intervention. Patients treated with a combined anterior/posterior approach tended to do better.
